Aim and objectives: (i) To determine whether a central tendency, median, based on patients' self-rated pain is a clinically applicable daily measure to show patients' postoperative pain on the first day after major surgery (ii) and to determine the number of self-ratings required for the calculation of this measure.
| INTRODUCTION AND BACKGROUND
Postoperative pain is experienced by many patients after surgery despite the use of multimodal pain management approaches. (Carr et al., 2014; Fletcher, Fermian, Mardaye, & Aegerter, 2008) . Persistent postoperative pain affects patients' perceptions of care negatively (Schwenkglenks et al., 2014) and may lead to health-related and psychosocial consequences (Liu & Wu, 2007) . It is therefore important to monitor pain in postoperative care (Breivik et al., 2008; Gordon et al., 2010; Meissner et al., 2015) .
Recommendations for frequent screening and reassessments of patients' pain after surgery are based on the fact that it is possible to prevent severe postoperative pain (Breivik et al., 2008; Gordon et al., 2010; Meissner et al., 2015) . However, the communication of pain is associated with several barriers (Jacobsen, M€ oldrup, Christrup, & Sj€ ogren, 2009; . Therefore, the provision of a tool to facilitate communication of pain intensity has for many years been recommended (McCaffery & Pasero, 1997) . Several one-dimensional scales, such as the numeric rating scale (NRS), the visual analogue scale (VAS), verbal scales and facial scales, are validated and considered reliable in clinical use (Hjermstad et al., 2011; Williamson & Hoggart, 2005) . Although the VAS is the most frequently used scale in research, the NRS is according to a recent review by Hjermstad et al. (2011) preferred by patients and is the most commonly used scale in the clinical context because of its ease of use in different settings.
In the clinical context, the NRS provides healthcare professionals with a uniform language which has been shown to limit the risk of misunderstandings . However, misunderstandings are a possibility when healthcare professionals base their interventions on their own interpretations, rather than exploring patients' perception of pain with the NRS (Wikstr€ om, Eriksson, Fridlund, Arestedt, & Brostr€ om, 2016) . It is also apparent that the distance between scores varies between individuals (Farrar, Pritchett, Robinson, Prakash, & Chapell, 2010; Wolrich et al., 2014) . This is explained by the design of the NRS, where each patient assigns their own interpretation to each number, based on their life experience and interpretation of the endpoint description .
Despite these confounding factors, healthcare professionals have stated that patients' self-rated pain scores benefit the communication of pain .
The assessment of pain both at rest and on activity is highlighted in guidelines (Brantberg & Allvin, 2016; Gordon et al., 2010) . Nevertheless, in a clinical context, pain scales are not found to be used with regular repetition at rest and during activity (Carr et al., 2014; Fletcher et al., 2008; Samuels & Eckardt, 2014) , with the result that patients' self-reported pain in medical records is difficult to overview (Fletcher et al., 2008; Samuels, 2012) . This may increase the risk of excluding the patient's "voice" in decisions regarding pain management strategies, with a potential risk for the under-or overtreatment of pain. Furthermore, the first postoperative days are important when predicting the risk of developing health-related consequences such as chronic pain (Stubhaug & Breivik, 2007) . The daily documentation of a central tendency from patients' self-rated pain intensity scores would in a simple way show up patients with persistent severe postoperative pain after major surgery. To achieve measures that correspond to the intensity of pain experienced by patients, it is necessary to determine how many pain ratings are required for a reliable central tendency. Retrospective average pain has been shown to be associated with self-reported pain scores when dividing the NRS into two groups: 0-3 for mild pain and 4-10 for moderate-tosevere pain (Eriksson, Wikstr€ om, Lindbladh-Fridh, & Brostr€ om, 2013) . However, there is no evidence of agreement on the full range of NRS, nor of the frequency of pain ratings required when patients' pain is described with a daily measure. The aim was therefore:
1. To determine whether a central tendency, median, based on patients' self-rated pain scores, is a clinically applicable daily measure to describe patients' postoperative pain on the first day after major surgery, and 2. To determine the number of self-ratings needed for the calculation of this measure.
| METHODS

| Design and setting
This study had a repeated measure design, including two sets of measures of postoperative pain on postoperative days 1 and 2. The study was conducted at six care units at three different county hospitals in Sweden. The number of beds in the three hospitals was between 300-400. The catchment areas were both rural and urban, with 414,000 inhabitants in total. Assessment of postoperative pain with the NRS had been used in past years at the care units that were included in the study.
What does this paper contribute to the wider global clinical community?
• Daily median scores, summarised from patients' selfrated pain scores with the NRS, are applicable clinical measures in the documentation of adults' postoperative pain at rest and during activity.
• There is postoperatively a low risk of obtaining median pain scores that represent more pain than was recalled by patients.
• Applicability of postoperative median pain scores from patients' self-rated pain scores with the NRS increases with the number of collected ratings and the quality of pain assessments.
| Sample
A convenience sample of 582 patients undergoing scheduled major general or orthopaedic surgery were asked to participate 1-2 weeks before surgery. Designated research nurses at three general surgery and three orthopaedic pre-operative receptions identified and included patients eligible for the study, which took place between October 2012-January 2015. Inclusion criteria were as follows: patients of 18 years or older, undergoing scheduled major general or orthopaedic surgery, expected to have a length of stay ≥2 days, orientated to time and environment, and able to understand both spoken and written Swedish language.
Exclusion criterion was as follows: postoperative intensive care. Patients asked to participate were n = 582, of whom n = 41 declined to do so. Figure 1 describes the number of patients completing the study, the procedure of data collection and the reasons for dropout.
| Data collection
The research nurses collected socio-demographic data such as age, gender, country of birth, prehospital average pain (NRS) at rest and on activity, as well as daily intake of analgesia before inclusion. Clinical information about surgery, physical status classification (ASA 2016), anaesthetics and postoperative pain management were obtained from the computerised medical journals.
| Measure I
On postoperative day 1, self-rated pain scores "right now" were collected by the nurses in charge. A pain protocol designed for the study was used, with enclosed instructions to assess and register patients' self-rated postoperative pain at rest and on activity with the verbally communicated NRS every fourth hour, at breakthrough pain and at reassessments after receiving analgesia. If the patients were asleep, no assessment of pain was made. The instructions were based on international and national guidelines (Brantberg & Allvin, 2016; Gordon et al., 2010) .
| Measure II
In the morning of postoperative day 2, the patients were asked to retrospectively summarise their postoperative pain from postoperative day 1. The nurse in charge delivered a protocol where the patients registered their average pain experienced at rest and during activity separately with NRS scores on a horizontal scale.
| Ethical considerations
Ethics for inclusion and performance of the study followed the intentions of the Helsinki Declaration WMA (2013). Patients eligible for the study were asked about participation regardless of ethnicity, sex or socio-economic status. All patients fulfilling inclusion criteria received written and oral information and gave verbal consent, and collected data were kept confidential. Approval was obtained from the Ethical Review Board in Link€ oping, Sweden (M249-08).
| Data analyses
Descriptive statistics (frequency, percentage, mean, range) and nonparametric tests (Mann-Whitney U-test, Pearson chi-square and Wilcoxon signed-rank test) were used to analyse socio-demographic and clinical data. Prevalence of pre-and postoperative pain was reported as median and quartiles.
When determining prevalence of pain and summarising pain into individual median NRS scores, it was deemed clinically appropriate to exclude patients who at measure I had less than four recorded pain scores. This decision was based on the recommendation that patients with ongoing acute pain should be assessed frequently (Gordon et al., 2005) . To determine the associations between the individual calculated median scores from measure I and retrospective self-rated average pain scores from measure II, multiple Spearman rank correlations were performed. Groups of patients were created who had exact 4, 4-9, 5-9 or 6-9 recorded ratings, and these were analysed separately. When patients had indicated two scores at one rating, for example, 3-4, the highest was used. The median was rounded upwards when necessary to the nearest integer number. IBM SPSS Statistics (IBM Corp, Armonk, NY) were used for the analysis of the data.
To determine patterns of change between the measures, medians from self-rated pain scores "right now" on postoperative day 1 and retrospective self-rated average pain on postoperative day 2, pairwise agreements (Percentage Agreements), systematic disagreements
Eligible patients asked to participate, n = 582
Patients included, n = 541
Patients completed, n = 479
Reasons for dropout Organizational, n = 34 Postoperative tiredness, n = 20 Intensive care, n = 5 Confusion, n = 3
Data collection Measure I: repeated self-rated pain scores at rest and during activity, collected day 1
Measure II: retrospective pain intensity from day 1; average pain scores at rest and during activity, collected day 2
Declined participation, n = 41 (Relative Position, Relative Concentration) and individual variability (Relative Rank Variance) were analysed separately using Svensson's method in a free software program (Avdic & Svensson, 2010 ). This method is suitable for paired ordered categorical data that inherit a ranking without information regarding the size between points.
In the Svensson method, pairwise identical answers are reported in Percentage Agreement. Systematic disagreement refers to the group level. The Relative Position estimates the systematic change in probability (%) between days 1-2: the probability of reporting less pain at day 2 than at day 1, minus the probability of reporting more pain at day 1 than day 2 (or vice versa). The measure of Relative Position is based on the cumulative frequency of variable values, ranging from À1 to +1, of having a lower or higher value at the sec- 3 | RESULTS
| Demographic and clinical data
In total, 479 patients scheduled for major general surgery or orthopaedic surgery completed the study. There were no differences between the general surgical (n = 190) and orthopaedic (n = 289) group regarding age, country of birth or American Society of Anesthesiologists (ASA) classification. Differences were found for sex, prehospital levels of pain (NRS) and analgesia, peri-operative anaesthesia and postoperative pain management (Table 1 ). In the orthopaedic group, there were larger proportions of men, patients with pre-operative pain, intake of analgesia and postoperative intake of opioids.
3.2 | Self-rated pain from measures I and II
The proportion of patients who had their pain registered ≥4 times in measure I was 81.6% at rest and 75.2% during activity; the proportion of patients with registered pain ≥6 times was 29.0% at rest and 22.7% during activity (Table 2) . Retrospective average pain in measure II at rest and during activity was reported by 97.9% and 97.3% patients, respectively.
Self-rated pain in measure I (median at rest: 2, q1-q3 = 0-4 and median during activity: 4, q1-q3 = 2-6) was significantly lower (rest: Wilcoxon rank test p < .001, activity: Wilcoxon rank test p < .001) than self-rated retrospective pain in measure II (median at rest: 3, q1-q3 = 2-5 and median during activity: 5, q1-q3 = 3-7). Pain at rest was significantly lower in comparison with activity in measure I ( Wilcoxon rank test p < .001) and measure II ( Wilcoxon rank test p < .001).
| Associations of average pain scores between measures I-II
Rank correlations for calculated individual median scores from measure I, based on four ratings, vs. retrospective average pain from measure II, were moderate, r Spearman = .61 (p < .001) at rest and r Spearman = .57 (p < .001) during activity. Pain showed a pattern of increased correlational strength up to r Spearman = .68 (p < .001) at rest and r Spearman = .66 (p < .001) during activity with an increased number of pain ratings. The pattern at rest was more evident than that during activity (Table 3) .
| Patterns of change between measures I-II
The Percentage Agreement between median NRS from measure I, the group of 4-9 ratings and average NRS from measure II was 27% at rest and 26% during activity. Additional subgroup analyses of patients who had 5-9 and 6-9 registered pain ratings resulted in improvements up to 31%. Table 4a ,b illustrates, in the areas above the diagonals, that the majority of patients recalled higher pain scores both at rest and during activity than they had stated to the nursing staff in measure I. The areas below the diagonals depict the opposite. 
| DISCUSSION
The results demonstrate acceptable reliability for daily median measures of postoperative pain both at rest and during activity on the day after surgery. A low risk of obtaining values that represent more pain than was recalled applied particularly to pain at rest.
Furthermore, our results exposed a tendency towards higher correlation coefficients of patients' retrospective stated pain with more frequent pain ratings. However, a range of 4-9 "right now" self- It is recommended that the frequency of screening for pain, and reassessments, be determined by the duration and severity of pain (Gordon et al., 2010) . In the early postoperative phase, this study shows frequent assessments to be necessary regardless of patients' reports of their level of pain. The median scores of 0 obtained by identified patients whose retrospective stated average pain was more than 0 could be attributed to healthcare professionals' performances when assessing pain. There is a possibility that nurses have registered NRS 0 when patients neglect pain, which means that precautions must be taken to obtain medians of 0. The neglect of pain due to tolerance (Jacobsen et al., 2009; Wikstr€ om et al., 2014) and fears related to analgesia are well known (Jacobsen et al., 2009; Wikstr€ om et al., 2016) , meaning that these patients require frequent high-quality pain assessments and that healthcare professionals need to get to know patients' attitudes and behaviours (Klopper, Andersson, Minkkinen, Ohlsson, & Sj€ ostr€ om, 2006; Richards & Hubbert, 2007; Wikstr€ om et al., 2016) . In association with this study, no educational support was conducted. However, the continuing need for improvement in the quality of pain assessments (Gordon et al., 2008; Samuels & Eckardt, 2014 ) is confirmed.
The individual variation in retrospective pain identified in the study could be explained by memory disorders (Koshnejad, Fortin, Rohani, Duncan, & Rainville, 2014) . Also, the conversion of pain intensity into an average measure may vary due to the fluctuating nature of postoperative pain (Armstrong, 2003; Bergh, Jakobsson, Sj€ ostr€ om, & Steen, 2005) . The stability of the definition of worstpossible pain over short time frames has to our knowledge not been studied in a clinical context. However, the scattered pattern of the pairs on activity in relation to the diagonal (Table 4b ) may illustrate the difficulties of defining a stable perception of worst-possible pain, as pain at activity may represent worst-possible pain.
The unexpectedly small differences (r = .61-.68) in the correlational relationship between measures I and II with increasing numbers of pain scores could be attributed to the low proportion of patients who had their pain recorded in between every fourth hour, that is, >5 times. The omission of documentation of breakthrough pain and reassessments has been reported before (Carr et al., 2014; Fletcher et al., 2008; Samuels & Eckardt, 2014 ). Yet healthcare professionals state that the benefits of following patients' postoperative pain scores over time outweigh the difficulties of interpreting patients' scoring (Wikstr€ om et al., , 2016 . However, nurses have the main role in pain management and are observed to take on the role of gatekeeper, defending the patient's view at times when physicians decide on medication without considering the patient's perspective (Manias, Gerdtz, Williams, McGuiness, & Dooley, 2016) .
Daily documentation of the median measures would instead secure the patients' "voice" by demonstrating their experiences as the quality of documentation of patients' pain in medical records impacts upon both healthcare professionals and patients. Busy healthcare professionals are not always able to access required information in a timely manner. This consequently causes delays in treatment and at times inadequate care (Braaf, Riley, & Manias, 2015; Wikstr€ om et al., 2016) , which have been shown to affect both pain management (Meissner et al., 2015) and patient satisfaction (Schwenkglenks et al., 2014) . The use of electronic systems is described as allowing for new innovations enhancing patient safety, that is, providing accurate pain descriptions (Carr et al., 2014) . Future computer-calculated measures, that is, medians at rest and on activity, from patients' postoperative pain scores could possibly be a solution to improve daily documentation of pain in medical records.
Daily median values also offer an alternative to creating individual pain trajectories of both initial and the resolution of pain in the first postoperative days. Persistently high pain scores should initiate reassessment of the origin of pain and the exclusion of surgical complications (Meissner et al., 2015; Stubhaug & Breivik, 2007; Wikstr€ om et al., 2016) . Additionally, the significantly higher pain levels on activity confirm the relevance of measuring pain both at rest and on activity, which means that earlier recommendations by Wikstr€ om et al. (2013) of the documentation of mode and maximum pain in medical records can be questioned. High pain scores also have great potential for predicting chronic pain conditions (Althaus, Arr anz Becker, & Neugebauer, 2014) . Furthermore, it has been suggested that daily summarised pain scores could be useful when it is necessary to compare the organisational effectiveness of pain management between care settings (Samuels & Eckardt, 2014) . However, the need for defining "high pain scores" is discussed (Hjermstad et al., 2011) . Postoperative pain scores >6 are for many patients unbearable, and could tentatively serve as a relevant cut-off point, as the titrating of opioids safely is a complicating factor when cut-off points are low (van Dijk et al., 2012) . By showing patients' postoperative pain severity trajectories in documentation of pain, the measures could also be an important T A B L E 4 Contingency table illustrating the distribution of the paired-ordered categorical data from measures (a) I and II at rest, using the group of patients with 4-9 numeric rating scale (NRS) ratings (n = 388) and (b) I and II during activity, using the group of patients with 4-9 NRS ratings (n = 351)
The diagonal illustrate number of patients who had the same NRS score at both measures, the area above illustrate number of patients who recalled higher pain scores in measure II than was obtained in measure I and the area below the diagonal depict the opposite. 
| Limitations
One limitation was that the design entailed a risk of measurement error in measure II due to the collection of patients' retrospective pain scores. It is known that memory of pain is associated with individual sensory-affective and psychological factors (Koshnejad et al., 2014) , which are highly applicable to postoperative situations. Experiences such as worries and tiredness have been shown to impact on memory capacity (Koshnejad et al., 2014) . A short time frame was therefore used between the measures.
Another limitation was in the collection of data. Few patients were asked to rate their pain more than every fourth hour, which consequently means that incidences of breakthrough pain could have been missed. However, the amount of data allowed for the exclusion of patients who had few documented pain scores in measure I. Median scores based on less than four ratings were deemed not applicable for analysis due to the dynamic nature of pain (Armstrong, 2003) .
A threat to internal validity is that the assessment of symptoms such as pain depends on individual variations, which means that exact scoring is not possible (Armstrong, 2003; Svensson, 2001; Wolrich et al., 2014) . However, the chosen scale, NRS, is thoroughly validated and is considered reliable in descriptions of pain intensity (Hjermstad et al., 2011 , Williamson & Hoggart, 2005 . Because of the subjective impact from symptoms on NRS-scoring, in this case pain the statistical rationale was based on the perspective that self- 
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F I G U R E 2 Cumulative distribution % of self-estimated pain at rest (n = 388) and during activity (n = 351) with the numeric rating scale (NRS), illustrating the pairedordered categorical data from measures I and II with 4-9 NRS ratings
